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**Single clutch transmission" 

y^e^d of the Invention 

The present invention relates to a single clutch transmission and in particular, 
5 the invention relates to a single clutch automated manual transmission which is 
particularly suited for use in marine applications. / 

/ 

Cross-reference to Related Applications / 

This invention claims priority from Australian provwional application No 
10 2003903788 and also from United Slates provisional appliMnon number 60/307005. 
The entire contents of both documents are incoiporated bvreference. Priority is also 
claimed from a related provisional q>plication filed bv^ Aie same applicant/assignee 
Australian provisional application number 2004901 16^^ entire contents of whid* arc 
also incoiporated by reference. 

15 

Backeroimd of the Invention 

In most existing marine drives in wgforcraft, a marine engine is coupled to a 
propeller via a gear box which provides a ^^mgle gear ratio. Tlie speed of the watercraft 
is controlled by controlling the engine speed via a throttle. Generally speaking, 
20 watercraft are geared so that they rWmost e£Qcienily at their intended cruising speed. 
A large yacht may be designed to o^ise at 35 to 40 knots and is thus geared to be most 
efficient and controllable at oirmsmA that speed. However a problem with this 
arrangement is that such cra^^e very difficult to operate at the low speeds fhat may be 
required for example, whra^ooking the craft. It is very difficult to dock a boat safely 
25 if, for example, die lowe^ speed that the boat will satisftotorily travel at, is around 10 
knots. It is also, in some cases, desirable to have a low gear ratio for applications 
where increased toraue is required, with a higher gear ratio for high speed operation. 

Althoughynumber of multi-speed drive transmissions have been proposed for 
watercraft, they sufiter fitim a number of problems. For example, US 6,350,165 
30 discloses a Watercraft which incoijKnates a two forward speed plus one reverse speed 
transmissjmi. Hie transmission is based on a planetary gear apparatus and is 
consemmntly relatively high cost The transmission has a further problom in that 
becatfse of the way the gearing is airanged, it is not possible to vary the gear ratios 
Uy, since all the gear wheels must be changed. It is thus harder to package and 
9t planetary gearing systems to suit different applications, engine sizes and the like. 
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It is an object of the present invention to address or alleviate at least some of the 
' problems of the prior art ; 

Any discussion of documents, acts, materials, devices, articles or the liKe which 
has bem mduded in Oie present specification is solely for the puxpose oC^roviding a 
5 context for the present invention. It is not to be taken as an admission any or all of 
ttiese matters form part of the prior art base or were common general ^mowledge in the 
field relevant to the present invention as it existed before 0ie priorihrdate of each claim 
of this application. / 
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AccordiBg to a first aspect of the present invention there is provided a compact 
two speed transmission system for a marine craft comprising: 

an input ^aft; 
5 an output shaft, 

a fbrst train fbr oozmecting tibie input shaft to the output shaft for driving the 
same in a first gear; 

a second gear train connecting the input shaft to the output ^^ft for driving the 
output shaft tea second gear; and / 
10 a single clutch means for connecting the input shaft to the output shaft at a gear 

ratio other than one to one. X 

The output shaft and input shaft may be parallel A)d linked by gear trains ft)r 
first and second gears. / 

According to a flixth^ aspect of ttie presenl^'invention there is i>rovided a two 
15 speed transmission induding*. / 
an input shaft; 

a lay shaft spaced from the input shaftj 
a first gear train connecting the inmit shaft to the lay shaft; 
a second gear train connecting^the lay shaft to an ou^ut shaft the gear train 
20 including a one way clutch; and / 

a clutch fhr engaging the in^ut shaft with the output shaft the arrangement being 
such tibax when the ou^ut shaftrls dismgaged from die input shaft power is transmitted 
to the otxtput shaft via the fix^tmd second gear trains and the lay shaft. 

A dog clutch is jgr^ferahly provided tot disengaging the lay shaft when in 
25 reverse. 

When the clutch is disengaged, power is transmitted from the input shaft via the 
gear trains and the/fay shaft via the one way clutch to the output shaft which typically 
provides first oz/iow gear for use in low speed manoeuvring or where greater tonjue is 
req;u]red. ^^NJm the clutch engaged, power may be transmitted fiom the input shaft 
30 directly to ^ne output shaft to provide a second gear fbr when the watercraft is cruising. 

transmission system has the advantage of being extremely compact and 
^it requires only a sin^e clutch, provides reduced drag compared with 
ission systems incorporating more than one clutch. Advantageously, the default 
the transmission has the one way clutch in the first or lower gear, with the clutch 
normally on, so that if the system fails, it is always possible for die boat owner to get 
the boat home albeit at a slower speed. 
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In a prefeired embodiment means for disengaging the one way clutch are 
provided to allow the output shaft to be run in reverse. The means may be 
mechanically, bydraulically or electroxnechanically operated. 

Typically, a control syst^ is provided for controlling slippage of^e clutch. 
5 Hie slip speed of &e clutch may be controlled by monitoring both the inrat shaft speed 
and the output propeller speeds. The ou^ut speed may be used as an input to control 
the slip speedp allowing for clutch slip at any speed and torque. / 

Brief Descrtotion of the Drawings /' 
10 A specific embodiment of the present invention will npw be described by way of 

example only and witii ref^ence to the accompanying dravmigs in which: 

Figure 1 is a schematic diagram of the stem 0^4 watercraft including a stem 
drive transmission of the type conoroonly refeire^'^^to as a bravo drive by some 
manufacturersi / 
IS Figure 2 is a schematic diagram of a'^first embodiment of a transmission 

embodying the present invention; ^ 

Figure 3 shows the transmission of^igure 2 with a control system superposed; 

Figure 4 is a schematic diagrap of a second embodiment of a transmission 
embodying the present invention; 
20 Figure 5 shows die tFansmiscfion of Figure 4 with a control system superposed; 

Figure 6 is a schematio diagram of the stem of a watercraft having a stem drive 
transmission of the type commonly referred to as a bravo drive by some manufticturers^ 
and 

Figure 7 is a schematic diagram of a two-speed transmission having a single 
25 clutch in whidi the orout gears are located close to the output of the transmission; and 
Figure 8 shows a two-speed transmission witti a single clutch in which the 
clutch is located/^ose to the output. 

nft»n«i>^ ly^ pjiption of a Preferred Embodiment 
30 Rmrring to the drawings, Figure 1 shows the stem of a watercraft 10 having a 

hull yi. A stem drive unit 16 incorporating a singile clutch automated manual 
ission 18 is located behind the transom 20 of the watercraft, an engine (not 
^wn) is located inside the hull and an output shaft 22 from the engine projects 
' gtttt^y horizontally from the stem of the watercraft provides power to the stem drive 
3S unit 16. This type of marine propulsion system is also commonly refeired to as an 
"inboard/outboard drive". 
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The ou^ut shaft of the watercraft 22 spins about a eencially horizontal axis. A 
bevel gear 24 is fixed to the end of the output shaft. The bevel gear 24 defined at the 
end of the output shaft meshes with forward and reverse bevel gears 26, 28 re^eotively 
and a dog, or snnilar, dutch 30 moves in the direction of arrow "A" to connect a 
5 vertical output diaft 32 with the fbrward bcvd gear 26, or in the direiition "B" to 
connect the vextieal output Shaft 32 with the rcveiBO bevel gear 2?;' or vice vwsa 
depending on whether a li^t or left hand propeller is fitted. A bw«r part 34 of the 
vertical output shaft is operatively connected to a furtiicr pair o^eshing bevel gears 
36, 38 which convert the vertical axis movement of the outpur shaft 34 to a generally 
1 0 horizontal shaft 40 driving a propeller 42, Hib above airanpanent is typical of existing 
marine stem drive systems and is commonly known in sotw areas as a "Bravo" drive. 

Figure 6 illustrates the system in use with an ';4pha" typo drive inatead of the 
bievo drive shown in Figure 1. In ttils case the ouWt shaft 24 is directly connected to 
input shaft 32 via bevd gears 24 and 28 and ftm/ard and reverse are provided at ftie 
1 5 lower end of the drive adjacent the propeller 4Q/teleoted via a dog dutch 120 or similar. 
The present invention is concerned with a/tt-ansmission system and control means 
whtdi not only provide two speed drive for the watercraft but also provide a number of 
other advantages over existing marine tp^oismlssion systems. 

Figure 2 shows a first enAbdiment of a single clutch automated manual 
20 transmission 1 8. The vertical ouwm shaft ftt)m the bravo drive 32 is the input abaft 32 
for the transmission apparatus of the present inventioiu Bearings 34 siqiport ttie shaft. 
A gear 36 is mounted on th&^^cterior of the input shaft 32. Ocar 36 meshes with a gear 
38 mounted on a lay sh^f^O extending parallel to &e inpwt shaft 32. The gear may 
either be engaged witlUbe lay shaft for rotation therewith or fi^e to spin about the lay 
25 shaft depending on position of a shift mechanism 42. The shift mechanism is 
shown in two posibons in Figure 2 engaged at 44 and disengaged at 46. The shift 
medwnism maVbe operated hydraulically, medbwnically, or dectrically or by any otiier 
suitable mean^ 

A a(<» way clutch 48 is fixed to the lower raid of the lay shaft 40 and a gear 49 
30 enoomn^&ing the one way dutdx meshes wifli a gear wheel 50 fixed to an output shaft 
52. ^e one way dutch will hold torque in one direction and fredy rotate in the other. 

/ A dutdi 54 i« located between the upper end of the output shaft, and the lowa- 
AA. of the ixqmt shaft for engaghig the nvo shafts. When the dutch is disengaged, 
power is transmitted from the input shaft via gears 36.38 to the lay shaft 40 and thence, 
35 via the one way clutch 48 to the output gear shaft 52 via gear 50. This provides first 
gear for use in low speed manoeuvring or where greater torque is required. When the 
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clutch is engaged, power is transmitted from the input shaft 32 directly to the output 
shaft 52. This provides second gear for when the watercraft is cruising. The gears 36. 
38 remain meshed, and the on© way clutch 48 on the lay shaft remains still meshed with 
the gear 52 and in this condition the one way clutch 48 will rotate more slowly ttian the 
5 shaft 52 and will over run. / 

With thia transmission either first or second gear is always engage^epoiding 
on the position of the olutdi. This avoids fiie problem of torque intemipj/ 

In order to itm the shaft in reverse with a bravo type drive, it is necessaiy to 
provide mechanical or other means of disengaging the one way duim by for example, 
10 mechanically, hydraulically or electromechanically disengaging^e lay shaft from the 
output shaft. In the described embodiment this function i/ provided by the shift 
mechanism 42. In reverse gear 50 will cause the one way/lutcb W) drive lay shaft 40 
through the one way clutch, but wifli gear 38 disengaged by the shift mechanism the lay 
shaft 40 simply spins fifeely. The shift mechanism ia^^equired to prevent second gear 
1 5 operating in reverse and the one way clutch is rotating in tiie opposite direction and will 
lode up with shaft 52 which rotates at a different ^eed to the one way clutch in second 
gear. / 

A control system illustrated in K^e 3 is provided for controlling the 
transmission. The control system includes an electronic control unit (ECU) 60 linked 
20 to various sensors. The system includes sensors 62 and 64 measuring the speed of the 
input shaft and output shafts respectively and sensors 68 providing information about 
the position of the geaxs» sensors JS^ providing information about tiie engme^s throttle 
position, and sensors 70 proviffing information concerning the temperature of the 
systems hydraulic fluid. AJj^tively, some of this information can be collected off 
25 die common vessel/engine^SUS or CAN 100, 

Figure 3 also shjws a valve body 80 containing a control valve and an electro- 
hydraulic solenoid 82/to activate control dutch slip as described in more detail below. 
The position of the/solenoid 82 is also fed to the ECU 60. Figure 3 also illustrates a 
hydraulic pump used for maintaining hydrauUc pressure in the system's hydraulic 
30 controls, but tiUs hydraulic source could be externally supplied via existing pumps, a 
hydraulic p^mip or otherwise. The system also includes position sensors for sensing the 
position^ the gear engagement states. 

yfhe system of clutdi slipping may also be used fi>r docking functions where 
vaVfow speeds of the order of a few knots may be desired and wherein cluich slip may 
35 be tfsed to dissipate excess rotational speed of die output shaft to allow slower 
movement of the boat whilst maintaining throttte speed. The control system controls 
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the output speed through control of piston pressure via an electrical signal sent to the 
oleotro hydraulic solenoid 36. The system may receive electronic requests for the 
various modes that the system operates in, such as docking, trolling, hi-launch energy* 
from any suitable input such as buttons, levers, radio controlSi or the like. 
5 The one way dutdi may be a roller dutch, sprag clutch, ratdi^ clutch oi 

similar, / 

When fho transmission is used wifli the "alpha" type stem drfve of Figure 6 
where the choice of forward and reverse gearing is provided at ^e' lower end of the 
output shaft adjacent the propeller, there is no requirement for a i^eans for disengaging 
10 the one way clutch. Figures 4 and 5 illustrate such a trmSmission 18a in which 
components which are identical to those of transmission l^^are the same reference 
numerals. The only significant difference is the absence of tiie shift mechanism 42. 

This transmission system has the advantage o^. being extremely compact and 
since it requites only a single clutch, provid^'^^ reduced drag compared with 
1 5 transmission sy stwns incorporating more than one/^utch. Advantageously, the defeult 
for the transmission has the transmission in fee first or lower gear, with the olutdi 
normally off, so that if the system fails, it is^ways possible for the boat owner to get 
the boat home albeit at a slower speed. / 

Figure 7 shows a further cmbodinfent of a marine transmission, in this case, a 
20 single dutch automated manual transjifission 100. As in the case in the previously 
described transmission, this transmi^on is also shown as part of an inboard/outboard 
marine drive. / 

The oulpot shaft of the wueroraft, not shown, spins about a generally horizontal 
axis and is coaxial with and/drives the input shaft 102 of the transmission which is 
25 mounted on bearings 103c The output shaft 104 of ttie marine transmission, is 
siq^poited on bearings 105 parallel to and spaced from the input shaft 1 02, 

A bevel gear 10b defined at die output end 104a of the output shaft 104 meshes 
with forward and re^e bevel gears 108, 110, respectively and a dog dutch 112 (or 
similar device) m^es in a vertical direction to comiect a vertical output shaft 1 14 with. 
30 dther the rovtt^bevel gear 1 1 0 or the forward bevel gear 1 08, or vice versa depending 
on whether a^gbt hand or left hand propeller is fitted. 

Tiysdootion of forward or reverse motion for the marine craft direction of the 
propeller is carried out by flie dog clutch 112 after the ou^ui of the marine 
tranmMsion and therefore the input and output shafts of the marine transmission, 
35 alwaya rotate in the same sense, and the transmission 100 is not required to cope with 
rotation of the input or output shafts in more than one direction. 
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As is standaxxl in the art, a lower part of tfie vertical output shaft, not shown, is 
operatively connected to a fiitther pair of meshing bevel gears, which convert the 
vertical axis movement of the vertical output shaft 114 to a generally bonssontal yUcis 
movement of a horizontal shaft driving a propeller. 
S A gear wheel 120, for first gear is mounted on &e output shaft 104 this in 

turn, meshes with gear wheel 122 incorporating a one-way dutch mounted cm the input 
shaft 102, A gear wheel 124 for second gear and an associated clutch 126, is mounted 
on the ou^ut shaft adjacent the first gear and on the opposite side orfirst gear 120 to 
the output end 104a of the output shaft. The second gear meshes 12^^fli a gear wheel 
10 128 mounted on the input shaft adjacent the one-way clutch 122. / 

When the dutch is not engaged, which is the default oonftition ao that the marine 
craft is able to travd in fitet gear in the event of ftilure of fbe dutdi, the input shaft 
drives the output abaft via first gear 120 which is used .&r doddng and low speed 
manoeuvring. Gears rotate and slip occurs across first^dutoh pack* The main part of 
15 the clutch 126 rotates with the output shaft. / 

When the clutch 126 is engaged, second gea^s engaged, and the dutch 126 and 
second gear turn with the output shaft. First g^ 120 is forced to rotate at the same 
speed as the same angular speed as second gear 124 and the one-way clutch 122 over 
runs, y/ 
20 In contrast with existing marine transmissions it will be appreciated that it is a 

rdativdy simple matter to diange gea^^tios by simply replacing two gear wheels, or 
four gear ^eels if both first and second ratios are to be dianged (although second is 
normally 1::1). ^ 



A further advantage is th^/fhe drive requires only one clutch to provide the two 
25 differaxt gears and can therefo^ be more compact. 

The transmission ixipbrporates a control system including an eleotronio control 
130| hydraulic pump 132.>md sensors of the same type that are described in relation to 
. the previously describea embodiments. 

Figure 8 show^ a similar arrangement to diat which is shown in Figure 7 except 
30 that in ttiis atcai^mcient the rdative positions of the first 104 and second 126 gear 
wheels are reve|?sed on the input and output shafts and the clutch is located adjacent the 
ou^vit end o^^e output shaft. This arrangement has the advantage that it makes the 
overall tr^CTiission shorter at the top, and helps to ensure that the transmission can 
plear fhe^wim platform, as is discussed in more detail bdow with reference to Figure 
35 11. ^fTigure 8, compon«its which are common to the embodiment of Figure 7 carry 
the rame reference numerals. 
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Although ihe transmission of the present invention is described in the cont©x);^f 
a stem drive and is particularly suited fbr marine applicationa, it will be appr^Sated 
that it can be used as part of a tzmsmission system of any veihide and it is par|U/Ularly 
suited to use where size and space are at a premium and where roducejf cost and 

S simplicity are particular advantages such as in marine outboards. It i$ ni^o envisaged 
that the systaoi might be particulaily suitable for providing two speed tauismisaioos for 
fork lift trucks, industrial applications and the like. / 

Further, although the system is described as being incorporawd in the stem drive 
unit of an inboard/outboard marine propulsion system, it wilLoc appr«i&ted that the 

10 system could also be incorporated in outboard system^ where the engine and 
transmission systems are all located behind the transomycuje to its compact size and 
light weight- It could also be used in variations of shaft^ve, v-drivc and surface drive 
marine propulsion systems between the engine and/me propeller. The transmission 
could also be used to drive an impell^ with *'jet diiye" applications. 

IS It will be appreciated by persons skilled in fiie art that nttmerous variations 

and/or modifieations may be made to th^ invention as shown in the specific 
embodiments without departing from the spirit or scope of the invention as broadly 
described. The present embodiments ar^ therefbre, to be considracd in all respects as 
illustrative and not restrictive. / 
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CLAIMS; 

1 . A two speed transmission including: / 
an input shaft; / 
a lay shaft spaced ftoni the input shaft; / 

S a fiist gear train connecting ttic input shaft to tiie lay shaft; / 

a second gear train connecting fho l^y shaft to an output shfft the gear train 
including a one way clutch; and / 

a clutch for engaging the input shaft with the output shaft Ine anrangcmcnt being 
such that when the output shaft is disengaged from the input smA power is transmitted 
10 to the output shaft via the first and second gear trains and thcaay shaft. 

2. A two speed transmission as claimed in claim 1 wther including a dog dutch 
for disengaging the lay shaft, / 

3. A two ^66d transmission as claimed in dainyi or 2 wherein the transmission is 
arranged audi that when the dutch is disengagedypowcr is transmitted fixmi the input 

IS shaft via flie gear trains and the lay shaft via mo one way clutdi to the output shaft 
which provides first gear and wherein when ine clutch engaged power is transmitted 
firom the input shaft directly to the output shaft to provide a second* relatively higher 
gear. / 

4. A two speed transmission as claimed in any preceding daim wherein means for 
20 disengaging the one way clutdi are/provided to allow the output shaft to be run in 

reverse. / 

5. A two speed iransmissicMi is daimed in any preceding claim fttrth^ including a 
oonHol Systran is provided fm^jntrolling slippage of the clutch- 

6. A two speed nransnlission as claimed in daim 5 fuith^ including means for 
25 monitoring both the ixiwd shaft speed and the output propeller speeds and wherein the 

control system is airanged such that the slip speed of the clutch may be controlled by 
using the output spe^ as an input to control the slip speed, allowing for clutch slip at 
any speed and tongue. 

7. A two sated transmission system for a marine craft comprisirxg; 
30 an ixmm shaft; 

an output shaft, 

djSm gear train for connecting the input shaft to the output shaft for driving ^ 
same in a first gear; 
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